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318a Monday, February 9, 2015supported by Hamiltonian Replica Exchange (H-REUS) along the root mean
square deviation of a set of selected distances (dRMSD) between protein back-
bone atoms. For a segment length of ten amino acids the approach allowed
reasonable convergence of the calculated free energy change along the reaction
coordinate and rapid scanning of protein segments. The method was applied to
intrinsically disordered protein segments of the protein Axin which adopts an
alpha-helical structure in the interaction regions upon binding to protein part-
ners. The predicted regions of enhanced tendency to adopt alpha-helical confor-
mations were in good agreement with available experimental data. The
approach could be useful to characterize transiently stable motifs in disordered
proteins and to estimate the free energy associated with the transition to a target
conformation.
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Protein degradation is vital for a variety of essential cellular processes like
apoptosis and transcription. Its malfunction is associated with severe diseases
including cancer and neurodegenerative diseases. In eukaryotes, protein
degradation is regulated by the ubiquitin-proteasome pathway, in which the
26S proteasome acts as its executive key player. The 26S proteasome is a
2.5 MDa multi-subunit molecular machine, which recruits, unfolds, and de-
grades tetra-ubiquitin tagged proteins. Recently, a near atomic model of the
complete 26S proteasome has been obtained (Unverdorben et al. 2014,
PNAS, 111:5544 5549), providing a structural context for understanding its
function.
Here, we investigate the first functional processes of the degradation cycle by
the use of molecular dynamics (MD) simulations coupled with enhanced sam-
pling methods. We focus on the recruitment of a poly ubiquitin tag by the flex-
ible arm of Rpn10 and its transport to the active site of de ubiquitylating
enzyme Rpn11. We refined the near-atomic model of Rpn10 by closing mech-
anistically relevant structural gaps, which have been inaccessible to structural
experiments due to high flexibility or multi conformational structures. In sim-
ulations, Rpn10’s flexible arm covers a wide conformational space, making a
number of transient contacts to proteasome subunits. The observation that
Rpn10 can reach the de ubiquitylating enzyme Rpn11 confirms its ability to
deliver the substrate to Rpn11 and the ATPase module where substrate is
unfolded. The dynamic insights on ubiquitin recruitment and transport gained
by MD simulations are a basic prerequisite to understand the complex func-
tional cycle of protein recognition and degradation of the 26S proteasome at
the atomic level and will motivate further experiments.
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Atomistic simulations of peptide unfolding and translocation by AAAþ biolog-
ical nanomachines Clp ATPases are members of the AAAþ superfamily that
associate with their peptidase partner to degrade proteins. Structurally, Clp AT-
Pases are homohexameric rings that enclose a narrow central channel. During
repetitive cycles driven by ATP hydrolysis, conserved central channel loops
undergo axial motions to effect substrate protein unfolding and translocation
to the peptidase compartment. Structural and biochemical studies of AAAþ
ATPases proteins have suggested several models (stochastic or ordered) of
the progression of allosteric transition around the ring. We use atomistic molec-
ular dynamics simulations to investigate the mechanism of peptide unfolding
and translocation by the ClpY ATPase. Substrates with diverse secondary struc-
ture ( alpha helix/beta turn/random coil) are covalently attached to a degrada-
tion tag (ssrA). We find that substrate gripping is mediated by strong interaction
at Tyr91 site of the conserved central pore loop. Axial motions of the Tyr91
side chain towards the distal side result in strong forces that drive substrate
translocation. Mutations of Tyr91 site results in change of unfolding and trans-
location efficacy. Detailed analysis of the Tyr91-substrate interaction indicate
formation of transient hydrogen bonds of Tyr91 to the substrate backbone and
strong interaction of the Tyr91 aromatic ring with the substrate.
Translocation takes place in stepwise manner and involves 5-6 amino acid per
step, in accord with single molecule experiments. Structured peptides (prion
helix 1 and hairpin fragment of GB1 protein) undergo highly cooperative un-
folding and translocation by ClpY with partial preservation of secondary struc-
ture. The most efficient translocation mechanism is found to involve clockwise
intra-ring allostery that maximally benefits from the torque applied by the cen-
tral channel loop onto the substrate.1594-Pos Board B545
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Biofuels are a well-known alternative to the largely used fossil-derived fuels. One
of the main challenges for the production of the second-generation biofuels, pro-
duced by enzymatic degradation of agricultural waste, is the inhibition of the
glycoside hydrolases enzymes by non-suitable substrates or by their own product.
Employing molecular dynamics (MD) simulations, we investigated how two en-
zymes of the glycoside hydrolases family are affected by a non-suitable substrate
(Man5B)orby their ownproduct (CEL7A).Combinedwithprevious experimental
results, our simulations reveal that the reduction ofMan5B enzymatic efficiency in
the presence of a poor substrate (gluco-oligosaccharides) is associated with a loss
of the enzyme’sflexibility, the latterbeing required to bindnewsubstrate,while the
presence of a more suitable substrate (manno-oligosaccharides) does not pose this
problem (1).MD simulations of the glycoside hydrolase enzymeCEL7A interact-
ing with cellulose substrate of different lengths in position 1 to 7 offers a
detailed view of its enzymatic mechanism and also on how the enzyme dynamics
is affected by substrate. Employing steered molecular dynamics (SMD) we were
able to analyze the difference in free-energy when a substrate is moving through
CEL7A’s catalytic tunnel under different conditions. All together our results are
indicating that the inhibition of the CEL7A by its product is directly related to
the cellobiose (enzymatic product) that was just cleaved and does not leave the
exit pocket because of the already high concentration of cellobiose in solution.
References:
1. Bernardi, R.C., I. Cann, and K. Schulten. 2014. Molecular dynamics study of
enhanced Man5B enzymatic activity. Biotechnol. Biofuels. 7: 1-8.
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Hybrid state formation is a crucial step of the tRNA translocation process. After
peptide bond formation, a deacylated tRNA in the P site (here tRNA-fMet)
moves to a hybrid P/E configuration while the A-site tRNA (here tRNA-Val)
still occupies a classical A/A state. In this process the CCA tail of the tRNA-
fMet must move by about 4.3 nm and the elbow region moves by ~2.5 nm form-
ing contact with the L1 stalk. The anticodon stem-loop remains almost fixed at
its 30S position, the 30S body and head undergo a slight (~5) rotation relative
to their classical state. The atomic detailed pathway of this transition is still un-
resolved. Here, starting from structures obtained from previous equilibrium
simulations, we performed a series of 200ns all-atom MD simulations in which
we drive the system using a biasing potential that maximizes correlation to the
target state ensemble. Analysis of the trajectories in terms of the applied biasing
potential and the dwelling time in configurational space appears to indicate the
existence of several intermediate states separated by barriers along the hybrid-
state formation pathway. Interestingly, most of the bottlenecks along the trajec-
tories are found to involve interactions between the CCA tail of the tRNA-fMet
and specific 50S residues. The CCA tail interacts initially with the P-loop of
helix 80 of the 23S RNA, it then contacts helix 93 and U2076 of helix 75,
finally reaching the E site through a different set of interactions which include
His19 of ribosomal protein L28. In contrast, the other large scale motions of the
L1 stalk and 30S subunit appear to be less restricted along the pathway.
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Materials may be strong or ductile, but rarely both at once. Recent studies have
shown that nanostructured material may lead to a unique combination of excep-
tionally high strength and ductility. The analysis and characterization of these
properties will open new paths for many applications. Using the technique
down to top,we cangenerate new structures that canbe usedonmany applications
for example in bone regeneration. One way for achieving this is combining PLA,
Monday, February 9, 2015 319aPVA and functionalized nanoparticles. The last component will help to the struc-
tures with the cellular regeneration. In order to better understand this system, first
the PVA properties will be studied to verify its functional use in this kind of struc-
tures. Computational techniques will be used to build the structures, study their
properties and to simulate its behavior when interacting with other components.
The objective of this study is to characterize the scaffolds for tissue engineering
in termsofmechanical properties and descriptors thatwill help topredict its biode-
gradability. In silico experimental studies were used to characterize a descriptor
that can be related with the biodegradability of thematerial, solvent accessibility,
once the new tissue starts to grow over the scaffold material.
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b2-adrenergic G-protein coupled receptor (B2AR) is an important therapeutic
target for obstructive pulmonary diseases. The ligand binding pocket (LBP) in
this and a number of other drug targets is deeply buried, offering significant
challenges to computer-aided drug design approaches. Site Identification by
Ligand Competitive Saturation (SILCS) is an in-situ fragment sampling
method that maps the spatial distributions and approximate affinities of chem-
ically diverse functional groups on a macromolecule through molecular dy-
namics (MD) simulations of the macromolecule in an aqueous solution of
small molecules. Notable is the simultaneous inclusion of waters and protein
flexibility such that the method accounts for ligand and binding site desolvation
when mapping the affinity patterns of the different fragments (FragMaps). To
probe an occluded LBP, a novel Grand-Canonical Monte-Carlo/MD (GCMC/
MD) strategy is extended to the SILCS methodology. GCMC drives the small
molecules and explicit solvent sampling of the occluded pocket, and the MD
allows for the conformational sampling of the macromolecule in the presence
of the small molecules, which is useful in identifying regions in the LBP that
were inaccesible in the crystal conformation. Good agreement is obtained be-
tween the FragMaps and the positions of chemically similar functional groups
of ligands observed in the crystal structures of B2AR. Ligand grid free energy
(LGFE), an approximate estimation of binding affinity derived from FragMaps
had good correlation with the experimentally measured binding affinity for
diverse ligands. Clear differences were found in the FragMaps at the LBP
across the activated and inactivated conformations of the B2AR. These differ-
ences were useful in determining the nature of a ligand that would preferen-
tially bind to one of the two states and consequently guide drug design.
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Gene expression is regulated, in part, by the organization of chromatin fiber,
which is the next hierarchical level of chromatin compaction beyond the nucle-
osome. Due to the large size of the fiber - millions of atoms - computational
studies investigating its organization have typically used coarse-grain simula-
tions. Such simulations use customized, relatively unproven, force fields, and
fail to elicit the finer details of the atom level structure. We use multiscale all-
atom simulations of 40 nucleosome (over 1 million atom) chromatin fiber to
study its structure and response to modifications such as post-translational mod-
ifications implicated in chromatin remodeling. The multiscale method used, Hi-
erarchical Charge Partitioning (HCP), exploits the natural organization of
biomolecules (atoms, groups, chains, and complexes), to speedup implicit sol-
vent simulations of the fiber by over 2 orders of magnitude. The method uses
the proven Amber force field to compute interactions between nearby atoms,
while approximating interactions with distant components by a smaller number
of charges that optimally reproduce the low order multipole moments of these
components. We use the novel technique to gain insight into the organization
of the more flexible regions of the fiber, such as linker DNA and histone tails.
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Elucidating assembly pathways of complex macromolecular structures, such as
virus capsids, is an important problem for understanding the many cellular pro-cesses dependent on self-assembly but also challenging given limited experi-
mental technologies for observing such systems. We have previously
addressed this problem through simulation-based data fitting, learning rate pa-
rameters of coarse-grained stochastic simulation models to match light scat-
tering data from bulk assembly of purified coat protein in vitro providing an
unprecedented view of the fine-scale reaction pathways that might have pro-
duced those data. A key question raised by such models, though, is how well
they might reflect assembly under more natural cellular conditions where fac-
tors such as local concentration changes, non-specific crowding, and often the
influence of nucleic acid during assembly become relevant. In the present
study, we examine the latter issue, how using analytical models of various con-
tributions of RNA folding to assembly would influence overall pathways and
kinetics, primarily with reference to cowpea chlorotic mottle virus (CCMV).
We find a surprising complexity and synergy of interaction effects. Energetic
effects that gain or lower free energy tend to disrupt successful assembly rela-
tive to the in vitro model individually, while the full combination of positive
and negative effects collectively promotes greatly accelerated assembly
without loss of yield. Furthermore, it accomplishes this change in kinetics while
substantially altering the ensemble of assembly pathways open to the system.
These simulation results help us understand how RNA viral coat and genome
may interact in assembly to promote rapid growth while avoiding kinetic traps
expected from much prior theory, bringing us a step closer to the goal of under-
standing how viral assembly in the cell may differ from our current conception
based largely on in vitro models.
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We report on a docking study using a new version of our mixed-resolution
Monte Carlo (MRMC) software, which was previously employed for simple
self-docking of estradiol to the ligand-binding domain of the estrogen receptor
(ER). The MRMC software represents ligands and the binding site of a receptor
in atomistic detail and the remainder of the protein coarse-grained, with the
whole system fully flexible. The present cross-docking study examined dozens
of ligands, both agonists and antagonists, in the context of both active and inac-
tive conformations of ER. Because our MRMC software performs conforma-
tional sampling as part of the docking procedure, we are able to extract
extensive information about pose stability and alternative poses, including
ligand interactions with the nominally ‘‘wrong’’ conformation (e.g., antago-
nists with the active conformation).
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The most prominent bioenergetic macromolecuar-motor in all life forms is
ATP synthase that transforms an ion gradient existing across the cell membrane
into the synthesis of ATP from ADP. Even with a wealth of available biochem-
ical and structural information derived from numerous past and ongoing exper-
iments, the exact mechanism of ATP synthase function remains unknown.
Recently, crystallographers provided the first high-resolution view of ATP ac-
tivity in Enterococcus hirae V1-ATPase. Employing a suite of transition path
sampling methods, the sequence of conformational transitions involved in a
functional cycle accompanying ATP hydrolysis have been investigated. The
simulation suggests ADP unbinding is followed by ATP uptake which, in
turn, leads to the torque generation step, i.e., rotation of the center stalk. The
trajectory yields multiple intermediates, a couple of which have been isolated
in independent crystallography experiments. The simulation further infers, in
agreement with single-molecule experiments, that ATP binding is not the tor-
que generation step. Finally, using data from four different high-resolution
PDB structures a complete model of ATP synthase has been constructed. An
evaluation of the elastic energy stored in the different ATP synthase subunits
provides a structural basis for the reversible action of the synthase.
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ATP driven chromatin remodeling factors like SWI/SNF actively alter nucleo-
some structure and dynamics. Histone mutations have also been identified that
alter nucleosome dynamics. These SIN (SWI/SNF INdependent) mutations
